Background: The advantage of neoadjuvant chemotherapy (NAC) followed by open esophagectomy for treatment of esophageal squamous cell carcinoma has been widely recognized. However, the safety and feasibility of NAC for patients receiving minimally invasive esophagectomy (MIE) remain controversial. The purpose of this study was to evaluate the potential impact of prior neoadjuvant chemotherapy on the clinical outcome of MIE by comparing two groups of patients, MIE alone and NAC plus MIE. Methods: From May 2013 to July 2017, 124 patients with esophageal squamous cell carcinoma underwent MIE in our department, with 57 cases receiving NAC plus MIE and 67 cases receiving MIE alone. Perioperative parameters and shortterm postoperative survival were compared between these two groups to evaluate the safety and feasibility of NAC given before MIE. Results: The group with NAC plus MIE had slightly longer operating time, more blood loss, higher morbidity, increased chance of surgical intensive care unit stay, and longer surgical intensive care unit stay time than the group with MIE alone. However, there was no statistically significant difference between these two groups (P > 0.05). The number of lymph nodes harvested was similar in the two groups without significant difference (P > 0.05). The overall survival was not significantly different between these two groups either (P > 0.05), although before surgery the clinical stage of the group with NAC plus MIE was more advanced than the group with MIE alone. Conclusions: NAC followed by MIE is safe and feasible for treatment of esophageal squamous cell carcinoma. NAC does not negatively impact the therapeutic outcome of MIE.
Introduction
Esophageal squamous cell carcinoma (ESCC) is a common malignancy worldwide. The majority of patients with operable esophageal cancer present with locally advanced disease, for which surgical resection as a sole treatment modality has been historically associated with poor survival. Postoperative treatment with chemotherapy, radiotherapy, or chemoradiotherapy yields disappointing outcomes.
1,2 Therefore, efforts are required to develop new treatment strategies to improve survival of ESCC patients with resectable locally advanced lesions.
In the past 20 years, neoadjuvant chemotherapy (NAC), neoadjuvant radiotherapy, or combination chemoradiotherapy for resectable ESCC has been extensively studied. Randomized clinical trials and a subsequent metaanalysis have supported the practice of preoperative NAC for ESCC patients treated with open esophagectomy. NAC has been incorporated into the standard treatment strategy for resectable ESCC in Japan. 6, 7 However, the safety and feasibility of NAC before minimally invasive esophagectomy (MIE) remains controversial because of the potential of additional complications during and after surgery. Here, we report our single-center experience with NAC followed by MIE, and compare the clinical outcomes between patients treated with NAC plus MIE with those treated with MIE alone.
Methods Patients
From May 2013 to July 2017, 124 patients with ESCC were scheduled for MIE at the Department of Thoracic Surgery, Peking University Third Hospital, Beijing, China. The characteristics of these patients are shown in Table 1 .
Standard preoperative evaluation included clinical symptoms, barium esophagogram, flexible endoscopy with biopsy, enhanced computed tomography of the thoracic and abdominal cavities, ultrasonography of supraclavicular lymph nodes, and deep venous ultrasonography of the lower extremities. According to the seventh TNM classification, tumors were in the cervical area in three cases, the upper esophagus in 26 cases, middle esophagus in 57 cases, and the lower esophagus in 38 cases. Clinical T stages were Tis in four cases, T1 in 29 cases, T2 in 27 cases, T3 in 63 cases, and T4 in one case, respectively. Clinical N stages were N0 in 94 cases, N1 in 26 cases, and N2 in four cases, respectively. Clinical stages were stage 0 in four cases, Ib in 26 cases, IIa in 19 cases, IIb in 51 cases, IIIa in 20 cases, IIIb in three cases, and IIIc in one case, respectively.
NAC
In principle, patients with early cancer were referred directly to MIE, whereas patients with locally advanced cancer (T2 and up, or N1 and up) underwent NAC before MIE. However, some patients with locally advanced cancer had MIE alone for two reasons: (i) patients refused to take NAC and requested surgery as soon as possible; and (ii) preoperative clinical staging in this study was based on a computed tomography scan, which is not always accurate. 8, 9 Patients who received NAC were operated approximately 3-4 weeks after chemotherapy. After one to four cycles of NAC (docetaxel plus cisplatin [TP regimen] for NAC at the doses of 75 mg/m 2 docetaxel i.v. on day 1 and 25 mg/m 2 cisplatin i.v. on days 1, 2, and 3), the tumor was restaged with a computed tomography scan. The indication of MIE was the presence of a resectable lesion after staging and restaging.
Surgical procedure
In MIE, the combined thoracoscopic and laparoscopic approach was performed for complete esophageal resection and gastric mobilization. Two-field lymph nodes were dissected routinely for clearance of lymph nodes, especially those close to bilateral recurrent laryngeal nerves. Cervical lymph nodes clearance was accomplished if they were reported positive by ultrasonography or core needle biopsy. Gastric conduit was used as the substitute through the esophageal bed for anastomosis with remnant cervical esophagus in all cases.
Clinical outcome
The entire retrospective data of all esophageal surgeries were linked with the prospective database with institutional review board approval. Perioperative outcomes and 
Results
Before treatment, patients in the NAC plus MIE group were similar to the MIE alone group in gender distribution, age, and cancer location. However, the NAC plus MIE group had significantly more patients in the latter stages than the MIE alone group (P < 0.001 for both clinical T stage and clinical state) ( Table 1) .
NAC plus MIE had a safety profile similar to MIE alone Safety parameters are shown in Table 2 . There was no death within 90 days of surgery in the two groups. Although, the operation time, the amount of blood loss, postoperative morbidity, and surgical intensive care unit stay time were slightly higher for the NAC plus MIE group than those of the MIE alone group. However, no statistically significant difference was present between these two groups. Other parameters of the safety profile were not different either.
NAC plus MIE had a feasibility profile similar to MIE alone
In both the thoracic and abdominal cavities, the numbers of lymph nodes harvested were similar in the NAC plus MIE group and the MIE alone group. The NAC plus MIE group tended to have slightly more metastatic lymph nodes than the MIE alone group. However, no statistical significance was found. In addition, for the 57 cases in the NAC plus MIE group, NAC resulted in downstaging of clinical T stage (P < 0.001), but not clinical N stage (Table 3) .
NAC plus MIE yielded satisfactory survival outcome similar to MIE alone
The median follow-up time was 19.5 months (range 1-51 months). The 1-year OS, 2-year OS, and 3-year OS of all patients were 89.1%, 81.5%, and 70.3%, respectively. No significant difference was found in OS within 24 months between those receiving NAC plus MIE and those receiving MIE alone (P = 0.451) (Fig 1) . These data suggest that NAC before MIE prolonged survival, even though the NAC plus MIE group had a higher clinical stage than the MIE alone group.
Discussion
Open esophagectomy is a complex and technically challenging procedure associated with high mortality and morbidity, especially after induction chemotherapy. Although open esophagectomy after NAC has been proven to be a feasible approach, there are not many reports about the safety and feasibility of NAC followed by MIE. 6,7 Although our cohort was not randomized and controlled, our data proved that NAC followed by MIE is safe and feasible for treatment of locally advanced ESCC. NAC does not negatively impact the therapeutic outcome of MIE, instead, it may benefit long-term OS due to its downstaging effect.
As compared with open esophagectomy, MIE significantly reduces postoperative morbidity and mortality. 10, 11 However, for locally advanced ESCC, there are still concerns about the use of NAC before MIE. Although NAC may result in downstaging, which is beneficial, NAC may also lead to necrosis and fibrosis, especially around the tumor, and thus complicate the surgical procedure. As a result of an unclear tumor boundary, separation of major blood vessels and nerves from the tumor may become difficult; the chance of structural damage may increase, and the operation time may be prolonged. In our patients, the operation time and the amount of blood loss of the NAC plus MIE group cases were in fact slightly more than those of the MIE alone group. Whether preoperative NAC may increase postoperative complications is another major concern. An international survey found that the postoperative mortality rate of esophagectomy was as high as 7-9%, and the overall complication rate was >50%. 12 The overall complication rate of MIE was 30.6% in our study, which was similar to the reports in the literature. 13, 14 Furthermore, the overall complication rate of the NAC plus MIE group was similar to the MIE alone group. The incidence of recurrent laryngeal nerve palsy was slightly higher for those with NAC, probably due to the fact that most cases in the NAC plus MIE group were locally advanced ESCC. 15 Tissue fibrosis after NAC resulted in difficulty in the mobilization of recurrent laryngeal nerve. 16, 17 It is worth mentioning that MIE had lower incidences of chylothorax and pneumonia than open esophagectomy. 18, 19 From these data, we found that NAC did not increase the incidences of postoperative complications and was safe for ESCC treated with MIE.
Lymph node dissection is essential for long-term survival of patients with ESCC. 20, 21 In this study, the number of thoracic lymph nodes harvested was similar in both groups: 13.4 in the NAC plus MIE group and 12.5 in the MIE alone group. However, many surgeons believed that the location of lymph nodes was more important than the number of lymph nodes harvested, especially in the case of bilateral recurrent laryngeal nerve lymph nodes. 22 This would explain why laryngeal recurrent nerve paralysis occurred at a high rate in the NAC plus MIE group, as locally advanced ESCC is more likely to have lymph node metastasis near bilateral recurrent laryngeal nerves. In our cohort, the number of lymph nodes harvested was lower than what was reported in the literature. 20, 22 In this study, NAC resulted in downstaging in clinical T stage, but not in clinical N stage, which is consistent with the literature. 23 Although whether NAC improves the long-term survival in patients with ESCC is still According to our data, although the NAC plus MIE group had a higher stage than the MIE alone group, the 2-year OS was similar in these two groups. It is suggested that NAC may have a long-term survival benefit for locally advanced ESCC, yet a randomized well-controlled study will be required. Furthermore, patients with ESCC often have poor tolerance to chemotherapy after surgery due to the reconstruction of the digestive tract, and preoperative NAC can be better tolerated. 24, 25 Therefore, NAC is better given before surgery than after if it is warranted anyway. 
